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Stock characteristics viz. growth, mortality, and exploitation rate of Saurida undosquamis from Mumbai waters were 
studied based on commercial trawl landings during the period 2012-2015. Growth parameters (L∞, K, and t0) were estimated 
at 365 mm, 0.75 yr-1 and 0.00092 yr, respectively. Mortality parameters (Z, M, and F) were estimated at 4.70 yr-1, 1.47 yr-1 
and 3.23 yr-1 respectively. The longevity (tmax) was also estimated at 3.99 yr. The length at 1
st capture (Lc50 = 159.25 mm) 
was found to be lower than length at first maturity (Lm50 = 206 mm). The current exploitation rate (Ecur = 0.69) clearly 
indicated that the species being overexploited. The bio-economic stock assessment model showed that at the present fishing 
level, there is depletion in the spawning stock biomass and also lower economic revenue from the fishery. Hence, reducing 
the effort would help to maintain the fishery at a sustainable level. 
[Keywords: Saurida undosquamis; Growth; Mortality; Stock assessment; Spawning stock biomass] 
Introduction 
Lizard fishes (family Synodontidae) are one of the 
important demersal fishery resources along Indian 
coast contributing about 7.9 % of the total demersal 
landings during the year 2015
1
. They are caught by 
both single day and multiday trawls. Though 
considered as one of the supporting fishery, this group 
assumes importance by virtue of its high nutritive 
value and acceptance as food fish both in the fresh 
and dry condition. In Mumbai, lizard fishes are 
locally known as chor bombil and the fishery is 
dominated by three species viz. Saurida tumbil,  
S. undosquamis, and S. gracilis. S. undosquamis, 
commonly known as brushtooth lizard fish is widely 
distributed in tropical areas between 34
0
N and 28 
0
S 
including the Indo-West Pacific, East to Southeast 
Asia and Australia
2
. It inhabits in muddy bottoms  
of continental shelf down to about 100 mt depth
3
. 
Studies on population dynamics of S. undosquamis 
from Indian waters is limited except for few
[4-8]
. In 
addition, the biology and dynamics of S. undosquamis 
have also been undertaken in different localities by 
several authors
[9-23]
.  
In the back drop of heavy exploitation and 
environmental degradation, a continuous assessment 
and monitoring programme is essential for sustainable 
management of fishery resources. In this context,  
the present study was conducted to estimate basic 
population parameters and current exploitation status 
of the brushtooth lizard fish relative to the sustainable 
reference point for providing requisite information on 
sustainable management of the fishery resources 
along Mumbai coast. 
 
Materials and Methods 
Length frequency data was collected on weekly 
basis from commercial catches at New Ferry Wharf 
landing centre (18
0 57′30′′N, 72051′02′′E) of Mumbai 
coast during September 2013 to June 2015 (Fig.1). 
Sampling was conducted on random selection 
covering the various size groups. Sample weight as 
well as the eye estimation of total catch of the species 
on the day of observation was recorded. Total length 
(from tip of the snout to the tip of the caudal fin) and 
weight of each specimen was measured to nearest mm 
and gm, respectively. Length–weight relationship was 
calculated according to the formula described by Le 
Cren
24
. The length frequency data were grouped into 
10 mm class intervals and raised for the day and 
subsequently for the month following the standard 
method described by Sekharan (1962)
25
.  
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Fig. 1 — Map showing New Ferry Wharf landing centre 
 
 
Using FiSAT programme
26
, the raised length 
frequency data were pooled for one year. The von 
Bortalanfy growth parameters viz. asymptotic length 
(L∞) and growth coefficient (K) were estimated by 
Bhattacharya method
27
 and Gulland and Holt method
28
. 
The preliminary estimation of L∞ and K by 
Bhattacharya’s method was further refined by Gulland 
and Holt’s plot. The average length and weight at 
different age group was calculated by using von 
Bertanlaffy’s growth equation and growth performance 
index (φ) was calculated by using formula: φ = log K + 
2 log L∞
29
. The third parameter ‘t0’of VBGF was 
estimated by reverse von Bertanlaffy’s growth equation: 
-ln [1-L(t) / L∞)] = -K*t0 + K*t. Longetivity was calculated 
from the equation, tmax=3/K+t0
30
 .. 
Instantaneous total mortality coefficient (Z) was 
estimated by length converted catch curve
31
. The 
natural mortality coefficient (M) was estimated by 
Pauly’s empirical formula32 taking sea surface temp 
as 31
0
C and fishing mortality (F) was calculated as F 
= Z-M. The exploitation rate (U) was estimated  
by applying equation U = F/Z (1-e 
–z
) and the 
exploitation ratio (E) was estimated as E = F/Z. 
Length structured virtual population analysis (VPA) 
of FiSAT II was carried out to obtain fishing 
mortalities for each length class. 
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The length at 1
st
 capture was estimated by using 
trawl net selection curve and the optimum length of 
exploitation was calculated empirically from the 
equation Lopt = 3L∞/3+M/K
33
. Length at first maturity 
(Lm) i.e. the minimum size at which fish attains 
maturity was determined based on the examination of 
the maturity stages. Female specimens in stage III and 
above were considered as mature proportion of 
mature females for analysis. Percentage of cumulative 
frequency of matured female was plotted against  
the length groups. The size at which 50 % of fish 
population matured was considered as the length at 
first maturity. 
For stock assessment, the relative yield per recruit 
(Y’/R) and relative biomass per recruit at different 
exploitation level were estimated by Beverton and 
Holt’s relative yield per recruit analysis method34 by 
using FiSAT II package. For setting management 
targets for brushtooth lizard fish along Mumbai  
coast, three important yield indices such as Emax 
(exploitation rate at Maximum Sustainable Yield), E0.1 
(exploitation rate at Maximum Economic Yield) and 
E0.5 (Optimum Exploitation Rate) were estimated. 
yield (Y), biomass (B) and spawning stock biomass 
(SBB) was predicted at different fishing levels by 
using length based Thompson and Bell bio-economic 
model
35.
  
 
Results 
 
Length–weight relationship 
The total length of the sampled fish ranged from 
12-31 cm while the total individual weights  
ranged between 7.5 and 380 g. The length–weight 
relationship of S. undosquamis was described by the 
power equation given in Table 1. High correlation 
was found between total length and total body weight 
for female (r = 0.94). 
 
Age and growth 
Employing Bhattacharya’s method of FiSAT, L∞ and 
K were estimated at 373.62 mm of 0.75 yr-1. Applying 
Gulland and Holt’s plot, the value of growth 
parameters were further refined and estimated as 
L∞=365, K=0.75. The growth performance index and t0 
were found to be 2.99 and 0.00092, respectively. The 
VBGF growth equation can be described as:  
Lt = 365*(1-e-
0.75 (t +-0.00092)
. Using this equation  
in the 1
st
, 2
nd
 and 3
rd
 year the length of the fish was 
estimated at 192.47 mm, 283.50 mm and 326.50 mm, 
respectively. Longetivity of S. undosquamis was found 
to be 3.99 years. The growth increment curve showed 
that the maximum linear growth increment occurred by 
the end of the first year of life (192.5 mm), there after a 
gradual decrease in annual increments with a further 
increase in age was observed (Fig. 3). The average 
weight by the end of each year of life were estimated 
by using established length-weight relationship and  
it was noticed that, the annual growth increment  
in weight increased with a further increase in age.  
The maximum growth increment in weight occurred by 
end of 2
nd
 year after which it showed a gradual decline 
with further increase in age (Fig. 3). 
 
Instantaneous mortality rates, exploitation ratio and 
virtual population analysis 
The estimation of mortality rates was applied to 
pooled sexes. The catch curve analysis based on 
Table no.1  (length-weight relationship of S.undosquamis) 
Sex TW=aTLb r 
Male TW=0.0000018TL 2.81 0.89 
Female TW=0.0000067TL3.04 0.95 
Pooled TW=0.0000097TL2.92 0.94 
 
 
Fig. 2 — Linking of means employing Modal Progression 
Analysis (Bhattacharya’s method) for S. undosquamis using 
FiSAT 
 
 
 
Fig.3 Growth (Length, weight) and growth increment (Length and 
weight) at the end of each year of S. undosquamis  
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length distribution was used and total mortality (Z) 
was found to be 4.70/year (Fig. 4). By using Pauly 
equation the natural mortality was estimated to be 
1.47/year. Fishing mortality estimated as Z-M = 4.70-
1.47 = 3.23/yr. The current exploitation ratio and 
exploitation rate were estimated to be 0.69 and 0.67, 
respectively. Length structured virtual population 
analysis was carried out by using the input parameters 
of L∞ (365 mm), K (0.75 yr
-1
), M (1.47 yr
-1
), terminal 
F/Z as 0.6, and length weight parameters (in gm, cm): 
a (0.00081) and b (2.925). It showed that highest F of 
4.02 was in the length group of 230-240 mm and 
fishing mortality was high for length groups 170-179 
to 240-249 mm. The mean exploitation ratio (E) and 
fishing mortality for the whole length groups were 
estimated at 0.442 and 0.165, respectively (Fig. 5). 
 
Length at 1
st
 capture, length at optimum capture, and 
length at 1
st
 maturity 
The length at 1
st
 capture of S. undosquamis was 
estimated at 159.25 mm (Fig. 6) while the Lopt was 
220.76 mm. The length at first sexual maturity in the 
Mumbai coast during the period of study was 
obtained as 206 mm. 
Stock assessment 
“Selection ogive” was used for the analysis of 
relative yield per recruitment and biomass per recruit. 
Analysis showed that maximum allowable limit of 
exploitation rate that gives maximum relative yield 
per recruit was estimated at 0.57 and also the 
exploitation level which maintains the spawning stock 
biomass at 50% of the virgin stock biomass i.e E0.5 at 
0.33 (Fig.7). Similarly E0.1 (the exploitation at which 
marginal increase in relative yield per recruit is 10% 
of its value at E=0) which generally corresponds  
to a precautionary safe level was found to be 0.55. 
However, current exploitation rate is higher than the 
above three estimated yield indices used for 
management targets. The yield isopleths diagram 
indicates that eumetric fishing can be done at LC50/L∞ 
of 0.44 and exploitation rate of 0.6 (Fig.8). 
The length based Thompson and Bell bio-economic 
model
35
 was used to predict the value of yield, 
biomass, spawning stock biomass and value of yield 
as a function of fishing mortality factor which is 
considered as a percentage of the current fishing 
mortality. It showed that exploitation of the resource 
has already reached the maximum sustainable yield 
(2669.3t) at the current effort level where as 
maximum economic yield can be obtained at fishing 
level of 0.6 (Fig. 9). 
 
 
Fig. 4 — Length converted catch curve for estimation of Z 
 
 
 
Fig.5 — Length structured VPA for S.undosquamis 
 
 
Fig.6 — Trawl net selection curve to determine length at First 
capture for S. Undosquamis 
 
 
 
Fig.7 — Relative yield per recruit and relative biomass per recruit 
using selection ogive 
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Discussion 
The “b” value in length-weight relationship of  
S. undosquamis is expressed as TW=0.0000018TL
2.81,
 
TW=0.0000067TL
3.04
, TW=0.0000097TL
2.92
 for male, 
female and pooled sexes, respectively. The value of 
“b” generally ranges between 2.5 to 3.5 and the 
relation is said to be isometric when b=3
36
. Growth is 
said to be positive allometric when b > 3 and negative 
allometric when b <3
37
. Present study indicates that 
females showed isometric growth (b = 3.04) while 
male and pooled sexes were characterized by slight 
negative allometric growth (b = 2.81 for male and 
2.92 for -pooled sexes). Also, observed slight 
negative allometrc growth in S. undosquamis in the 
Egyptian Mediterranean coast
23
. Along Indian coast, 
length-weight relationship of S. undosquamis was 
studied by different authors
4,6
. They also observed 
different rate of increase in weight in relation to 
length for both the sexes. 
The growth parameters of S. undosquamis, L∞ and 
K were estimated as 365mm and 0.75/yr, respectively. 
The values of L∞, K recorded by earlier studies were 
ranging from 305-518 mm and 0.13-0.8/yr for  
pooled sexes, respectively (Table 2)
[4-23]
. The current 
estimated value of “L∞” was found to be on lower 
side and “K” value on higher side than the most of the 
earlier studies in Indian water except Mumbai coast
6
 
and Karnataka coast
8
. Such variations may be due to 
variations in environmental conditions as well as the 
 
 
Fig. 8 — Yield isopleths  diagram of S.undosquamis 
 
 
 
 
Fig. 9— Length based Thompson and Bell analysis of  
S. Undosquamis 
 
Table no.2 — Stock parameters of S. undosquamis from earlier studies 
Authors and area of study K 
(yr-1) 
L∞ 
(mm) 
E 
 
M 
(yr-1) 
F 
(yr-1) 
Z 
(yr-1) 
Ingles and Pauly,1984, Philippines 0.80 305 0.62 1.54 2.53 4.07 
Bingel,1987, Mersin Bay - - - 0.26 0.81 1.07 
Ts-Shiang et al.1987. Australia 0.121 889 - - - - 
Chakraborty et al. 1994, Maharashtra 0.51 420 0.56 1.10 1.42 2.52 
Muthaiah, 1996, Karnataka 0.64 360 0.5 1.31 1.31 2.62 
Yoneda et al., 2002Japan  0.16 518 - - - - 
Rajkumar et al., 2003, Visakhapatnam  0.31 395 0.58 1.05 0.76 1.81 
Gookce et al., 2007 Turkey  0.51 42 - - - - 
Amin et al., 2007 Gulf of Suez  0.44 315.6 - - - - 
El-Halfawy et al., 2007Gulf of Suez  0.26 355.6 - - - - 
Metar et al., 2011,Mumbai   0.87 346 0.53 1.51 1.91 3.48 
Manasirli et al. 2011 Turkey 0.118 415.7 0.47 0.40 0.363 0.766 
Cicek and Avsar., 2011, Turkey  0.124 380.5 - 0.35 1.42 1.77 
Raje et al ., 2012, Mumbai 0.57 392 - - - - 
Wang ehui et al., 2012 ,China  0.52 34 - - - - 
El-Etreby et al., 2013,Gulf of Suez  0.131 512.5 - - - - 
Mahmoud et al., 2014,Egyptian Medit    0.232 417.7 0.61 0.36 0.575 0.938 
Present study 0.75 365 0.67 1.47 3.23 4.70 
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sampling limitation or biasness such as Lmax in 
sample. 
The average annual total mortality (Z), natural 
mortality (M), and fishing mortality (F) were estimated 
to be 4.7, 1.47, and 3.23 respectively. The mortality 
parameters estimated in previous studies were 
tabulated in Table 2. The current estimated value of 
average annual mortality is quite higher than the earlier 
reports
4,5,6,8,9,19,20,23
. The possible reason for this may be 
due to intensive fishing pressure to which these 
resources are subjected to at present. However, present 
estimated value of “Z” is found to be in agreement  
with the findings of Ingles and Pauly
8
. The estimated 
natural mortality can be compared with the earlier 
studies
4,5,6,8,9,19,20,23
. The variation in natural mortality 
within species in different areas may be due to density 
dependent factor (prey predation relationship in the 
ecosystem) as well as density independent factors such 
as disease, natural calamities. The M/K ratio for S. 
undosquamis falls within the range suggested by 
Breverton and Holt
38
 which indicates the reasonable 
estimation of “M” in the present study. The current 
exploitation rate (Ecurr) is significantly higher than 
optimum exploitation rate i.e 0.5 described by 
Gulland
39
 for sustainable fisheries management  
which indicates that brushtooth lizard fish is in 
overexploitation phase in Mumbai water which calls 
for immediate management measures for betterment of 
stock. This species was also reported to be over 
exploited by earlier studies
5,7
 along Indian coast.  
The length at first maturity (Lm) is an important 
index in fisheries stock assessment. The length at 
which 50% of the population attain 1
st
 sexual maturity 
was investigated to be 206 mm for females which  
is found to be in agreement with Muthiah
8
 who 
estimated Lm=207 mm from Karnataka waters. 
However, the present estimated Lm value is lower 
than the Lm estimated from Visakhapatnam waters
5
 
and from Northwest of Bay of Bengal water
40
. The 
length at first maturity is used to determine minimum 
legal size which should be avoided in fishing net to 
maintain adequate spawning stock in the population. 
The length at 1
st
 capture (Lc) corresponding to the 
length at which 50 % of the population are vulnerable 
to capture estimated for S. undosquamis was 
estimated to be 159.25 mm and the length of S. 
undosquamis which gives maximum possible yield i.e 
Lopt was calculated to be 220 mm. The present study 
indicates Lc<Lm<Lopt for S. undosquamis in Mumbai 
waters. So, it is obvious to conclude that juveniles  
of S. undosquamis are caught before reaching their 
length at 1
st 
sexual maturity along Mumbai coast.  
As “Lc” is influenced by cod end mesh size of trawl 
net, it is recommended to increase the cod end mesh 
size of trawl net thereby giving at least one chance to 
all the individuals to mature and spawn. 
In management context, biological reference  
points are the performance indicator of fish stock in 
question. It often takes various stock dynamics 
parameters i.e growth, recruitment and mortality, 
usually including fishing mortality into consideration 
and reflects into a single index. Analysis of the 
relative yield per recruit (Y
1
/R) and relative biomass 
per recruit (B’/R) of S. undosquamis using selection 
ogive shows that present exploitation rate is higher 
than (0.67) than Emax (0.57), E0.1 (0.55) and E0.5 (0.33). 
Considering above yield indices, in any case the total 
exploitation rate of brushtooth lizard fish population 
should not exceed 0.57 as there after it shows 
declining trend. E0.1 is generally preferred to Emax as 
biological reference point for long term fisheries 
management of any fish stock. The exploitation rate 
can be reduced up to 0.33 to maintain optimum yield 
and biomass per recruit current exploitation rate is 
higher than earlier reports
 4,5,6,8
. 
The yield isopleths diagram shows that eumetric 
fishing can be done at LC50/L∞ of 0.44 and 
exploitation rate of 0.6. However, this value of 
LC50/L∞ cannot be recommended as it can cause 
recruitment overfishing (Lc< Lm). However, above 
yield indices are computed without regard to whether 
sufficient spawning stock biomass is conserved to 
maintain recruitment in the future
41
. 
Studies on spawning stock biomass per recruit are 
essential for effective fisheries management and it can 
be used as TRP for fisheries management. Taking 
spawning stock biomass as a biological reference 
point, it is always advisable to maintain the spawning 
stock biomass at 20 % and 30 % for well known 
stocks with average resilience and poorly understood 
species respectively
42
. However, when relation 
between SSB and recruitment cannot be statistically 
established, SSBR is maintained between 20-30 % of 
virgin stock to prevent recruitment overfishing
43
. 
Thompson and Bell Bioeconomic analysis shows that 
current fishing level Fmax has already declined 
drastically the initial biomass to 26 % and spawning 
stock biomass to 11 % , putting population at risk 
(Fig. 10). Therefore, there is a need to maintain 
spawning stock biomass above 20 % since the 
relationship between stock and recruitment is not 
clearly established in present study. Considering this 
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spawning stock biomass can be maintained by 
decreasing fishing effort by 40 %. 
The basic purpose of fisheries management  
is to ensure sustainable production over time preferably 
through regulatory and enhancement action. Reducing 
fish stocks to biologically and ecologically detrimental 
levels will affect economic and social well being  
of fishermen, both immediately and in long term.  
The present study gives a clear information on status 
of brushtooth lizard fish along Mumbai coast.  
To improve the current stock status and sustain  
the stock of S. undosquamis in Mumbai waters, it is 
recommended to reduce fishing effort and to increase 
trawl cod end mesh size. 
 
Acknowledgement 
Authors are grateful to Dr. W.S Lakra, Director, 
Central Institute of Fisheries Education, Mumbai for 
providing facilities and encouragement to carry out 
the above research work.  
 
References 
1 Anon, Annual Report, 2015-16. Central Marine Fisheries 
Research Institute, Cochin, 2016 
2 Russell, B.C. and Houston, W. Offshore fishes of the Arafura 
Sea. Beagle. 6 (1989) 69-84. 
3 FAO, Eastern Indian Ocean (fishing area 57) and Western 
central pacific (fishing area 71). FAO, Rome, 1974 
ftp://ftp.fao.org/docrep/fao/009/e9163e/e9163e1a.pdf. 
4 Chakraborty, S. K., Desmukh, V.D., Zaffarkhan, M., 
Vidyasagar K. and Raje, S. G. Estimates of growth, 
mortality, recruitment pattern and MSY of important 
resources from the Maharashtra coast. Proc. Nat. Symp. 
Aquacrops, (1994) 1-39. 
5 Rajkumar, U., Sivakami, S., Rao, K. N. and Kingsly, H. 
J. Lizardfish fishery, biology and population dynamics 
of Saurida undosquamis (Richardson) off Visakhapatnam. 
Indian J. Fish., 50 (2003) 149-156. 
6 Metar, S., Chakraborty, K.S., Jaiswar, K.A., Sudheesan, D. 
and Sajina, A.M. Growth and stock assessment of Saurida 
undosquamis (Richardson 1848) from Mumbai coast India. 
India J. Mar. Sci. 40 (2011) 59-61. 
7 Raje, S. G., Dineshbabu, A. P., Thakur, D. A. S., Sundaram 
Sujit, and Chauhan, B.B. Biology and Population dynamics of 
Saurida undosquamis (richardson) from mumbai waters, 
northwest coast of India J. Indian Fish. Assoc., 39 (2012)1-13. 
8 Muthaiah, C. Studies on the fishery and biology of lizard 
fishes Saurida spp., from the Karnataka coast. Ph.D thesis, 
Karnataka University, Karwar, India, 1996. 
9 Ingles, J. and Pauly, D. An atlas of the growth, mortality and 
recruitment of Philippine fishes. ICLARM / Tech. Rep., 13, 
1984. 
10 Bingel, F. Project on fishing areas of coastal fisheries located 
on eastern Mediterranean (in Turkish with English abstract). 
ODTU¨ Erdemli Deniz Bilimleri Enstitu¨ su¨ , Erdemli-_Ic¸ 
el .(1987) 312. 
11 Tai-Shiang Wen, His – Chiang Liu, and Sheanya-yeh. Age 
and growth of lizardfish Saurida undosquamis (Richardson) 
in the north-west shelf off Australia. Acta Oceanographica 
taiwanica, 18 (1987) 1-15. 
12 Golani, D. The biology of the Red Sea migrant, Saurida 
undosquamis in the Mediterranean and comparison with  
the indigenous confamilial Synodus saurus (Teleostei: 
Synodontidae). Hydrobiologia 271 (2) (1993) 109-117.  
13 Abd, Allah M. Length-weight relationship of fishes caught by 
trawl off Alexandria, Egypt. Naga ICLARM. 25, 2002. 
14 Yoneda, M., Sakai, T., Tokimura, M., Horikawa, H. and 
Matsuyama, M. Age and growth of the Lizardfish Saurida sp. 
1 in the East China Sea using otolith ring marks. Fish. Res., 
55 (2002) 231-238. 
15 El-Greisy, Z.A. Reproductive biology and histology of 
female Brushtooth Lizardfish Saurida undosquamis 
(Richardson), family: Synodontidae, from the Mediterranean 
coast of Egypt. Egypt. J. Aquat. Res. 31 (2005) 19.  
16 Gookce, G., Sangun, L., Ozbilgin, H., and Bilecenoglu, M. 
Growth and mortality of the Brushtooth lizardfish (Saurida 
undosquamis) in Iskenderun Bay (Eastern Mediterranean 
Sea) using length frequency analysis. J. Appl. Ichthyol. 23 
(2007) 697-699. 
17 El-Halfawy, M.M., Amin, M.A. and Ramadan, A.M. Growth 
and reproduction of female brushtooth lizard fish Saurida 
undosquamis (Richardson) from the Gulf of Suez, Egypt. 
J. Fish. Aquat. Sci., 24 (2007) 143-148. 
18 Amin, M.A., El-Halfawy, M.M., Ramadan, A.M. Management 
and reproduction of the male Brushtooth lizardfish Saurida 
undosquamis (Richardson) front Gulf of Suez, Egypt. Egypt. 
J. Aquat. Biol. Fish. 11 (2007), 149-162. 
19 Manasirli, M., Avsar, D. and Yeldan, H. Population 
dynamical parameters of brushtooth lizard fish (Saurida 
undosquamis (Richardson, 1848) from the North eastern 
Mediterranean Coast of Turkey. Ege. J. Fish Aquat. Sci., 28 
(2011), 111-115.  
20 Cicek, E., Avsar, D. Growth, mortality and spatial 
distribution of brushtooth lizard fish, Saurida undosquamis 
(Richardson, 1848), inhabiting the Karatas coasts 
(Iskenderun Bay, Northeastern Mediterranean). Acta Zool. 
Bulg. 63 (1) (2011) 97-103.  
21 Wang, Xuehui, Qiu, Yongsong, Du, Feiyan, Lin, Zhaojin, 
Sun, Dianrong, Huang and Shuolin. Population parameters 
and dynamic pool models of commercial fishes in the Beibu 
Gulf, Northern South China Sea. Chin. J. Oceanol. Limnol., 
30 (1) (2012) 105-117. 
 
 
Fig.10 — Percentage of initial biomass and spawning stock 
biomass at different level of F 
 
CHHANDAPRAJNADARSINI et al.: GROWTH, MORTALITY, AND STOCK ASSESSMENT OF BRUSHTOOTH LIZARD 
 
 
1547 
22 El-Etreby, S. G., El-Ganainy, A. A., Saber, M. A., El-
Alwany, M. A. and Elbokhty, A. A. Age, growth and 
reproduction of the lizard fish Saurida undosquamis from the 
Gulf of Suez, Red Sea, Egypt. Egypt. J. Aquat. Biol. Fish. 17 
(3) (2013) 25-34. 
23 Mahmoud Hatem, H., Haweet, E. L., Alaa, A. K. and 
Dimech Mark. Stock assessment of the alien species 
Brushtooth lizard fish, Saurida undosquamis (Richardson, 
1848) in the Egyptian Mediterranean coast. Ege. J. Fish 
Aquat. Sci., 40 (2014) 443-445. 
24 Le Cren, E. D. The length weight relationship and seasonal 
cycle in gonad weight and condition in the perch (Perca 
fluviatilis). J. Anim. Ecol., 20 (1951) 271-279. 
25 Sekharan, K.V. On oil sardine fishery of the Calicut area 
during the year 1955-56 to 1958-59. Indian J. Fish., 9A(2) 
(1962) 679-700. 
26 Gayanillo Jr. F.C., Sparre, P. and Pauly, D. FAO-ICLARM 
Stock Assessment Tools II (FiSAT II). User’s guide. FAO 
Computerized information Series (Fisheries). No. 8, Revised 
version (2005). FAO, Roma, Italia. 
27 Bhattacharya, C.G. A simple method of resolution of a 
distribution into Gaussian components. Biometrics, 23(1967) 
115-135.  
28 Gulland, J.A. and Holt, S.J. Estimation of growth parameters 
for data at unequal time intervals. J. Cons. CIEM, 25(1) 
(1959) 47-49.  
29 Pauly. D., & Munro, J. L. Once more on the comparison of 
growth in fish and invertebrates. ICLARM Fishbyte, 2(1) 
(1984) 21.  
30 Pauly, D. Some simple methods for the assessment of 
tropical fish stocks. FAO Fisheries Technical Paper, No. 243 
(1983): pp. 52  
31 Pauly, D. Length converted catch curves. A powerful tool for 
fisheries research in tropics (Part -I). ICLARM Fishbyte, 1(2) 
(1983) 9-13.  
32 Pauly, D. A selection of simple methods for the assessment 
of tropical fish stocks. FAO Fish.Circ., No. 729 (1980) 54. 
 
33 Froese, R. & C. Binohlan. 2000. Empirical relationships to 
estimate asymptotic length, length at first maturity, and 
length at maximum yield per recruit in fishes. J. Fish Biol. 
(in press). 
34 Beverton, R. J. H. & Holt, S. J., Manuals of methods for fish 
stock assessment: Part II Tables of yield function. FAO Fish. 
Biol. Tech. Pap. 38(4), Version1 (1966) 67. 
35 Thompson W. F. & Bell, F. H. Biological statistics of the 
Pacific halibut fishery. Effect of changes in intensity upon 
total yield and yield per unit of gear. Rep. Int. Fish. (Pacific 
halibut) Comm., 8 (1934) 49. 
36 Froese, R. Cube law, condition factor and weight-length 
relationships: history, meta-analysis and recommendations.  
J. Appl. Ichthyol. 22 (2006) 241–253.  
37 Wootton RJ. Fish ecology: Tertiary level biology 
(Books). London: Blackie; 1992. 
38 Beverton R J H & Holt, S J. A review of the life span and 
mortality rates of fish in nature and their relation to growth and 
other physiological characteristics. CIBA Foundation Colloquia 
on Ageing: the life span of animals, 5(1959) 142-180. 
39 Gulland, J. A., The fish resources of the Ocean. Fishing 
News (Books), (Farnham) 1971, pp. 255. 
40 Rao K.V. S. Maturation and spawning of lizard fishes 
(Saurida spp.) from North Western part of Bay of Bengal. 
Indian J. Fish, 30(1) 1983. 27-45. 
41 Clark, W. G. Ground fish exploitation rates based on  
life history parameters. Can. J. Fish. Aqua. Sci., 48 (1991) 
734-750. 
42 Mace, P. M. and Sissenwine, M. P. How much spawning per 
recruit is enough? In: Smith, S. J., Hunt, J. J. and Revered, D. 
(Eds.), Risk evaluation and biological reference points for 
fisheries management. Canadian Special Publication of 
Fisheries and Aquatic Sciences, National Research Council 
of Canada. (1993) 101–118. 
43 Rosenberg, A. A. and Repestro, V. R. Precautionary 
management reference points and management strategies, 
Precautionary approach to fisheries-Part 2. FAO Fisheries 
Technical Paper, 350 (2) (1996) 129-140. 
 
